Food industry is one of the most energy-consuming industries. Exergy analysis for several food production lines had been the subject of some studies in the past. However, dairy industry has a significant importance among food industry from energetic point of view since it covers many heating and cooling processes. Energy and exergy analyses are commonly used techniques for performance assessment of thermal system where exergy analysis is known as the powerful tool. In this context, exergy calculation methodology and a review of exergetic assessment in dairy industry are the subject of this study for the first time to the best of author's knowledge. In this chapter, first of all, exergy analysis methodology is presented, and next, assessment of exergy analysis of some dairy processes including milk pasteurization, milk powder process, flavored yoghurt production, yoghurt production and yoghurt drink processes are reviewed, comprehensively. Application of the exergy analysis in dairy industry supplies possibility to perform exergetic design, simulation, analysis and performance assessment.
Introduction
Milk is one of the most consumed foodstuff with its perfect nutritional qualities. It is a good source of not only carbohydrate, protein and fat but also vitamins (A, B2, B12, D) and minerals (calcium, potassium, phosphorous, iodine) [1] . The constituents of milk provide to have stronger bones, support immunity and give energy to the body. However, after milking, milk is processed immediately into several dairy products namely yoghurt, cheese, butter, and so on because of its easily spoiled characteristics [2] .
Total milk production is 704 M tones/year, globally and the top three producer countries are the USA, India and China [3] . The World dairy industry market value is USD 336 billion in 2014; however, due to its very dynamic pattern, its market value displays continually growing trends which are forecasted to increase 32% generating USD 442 billion value in 2019. According to FAO, consumption of dairy products is consequently expected to increase by 20% or more before 2021. In this context, dairy production and dairy processing clearly appear as industries of significant importance for next decades [4, 5] .
Dairy plants with different capacities and products are located all over the world. In general, it can be classified into different subsectors based on dairy products such as liquid milk, butter, yoghurt, cheese, milk powder, and so on. All the production lines at dairy industry include a number of unit operations namely cooling, thermisation, separation, homogenization, heat treatment, evaporation, drying, and so on. The major dairy products and their processing lines are schematized in Figure 1 . After milking, physical, chemical, biochemical and microbial changes occur in the milk. The first process applied to the milk is cooling to prevent most of changes mentioned above. In some cases, milk is immediately cooled at the farm and transported to the factory with cold chain and continue to be stored in cooled tank in the factory. For some dairy plants with high capacity, the pasteurization or processing following raw milk reception is not possible. Then, milk is stored in cooling tanks to prevent deterioration, but if storage time will be long, pre-heat treatment known as thermisation is applied to the milk. The aim of thermisation is to inhibit microbial growth before pasteurization process and is applied at 63-65 C for 15 s operating conditions which is below pasteurization temperature [1] . Figure 1 . The major dairy products and unit operations take place their processing line [3] .
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In many dairy processes, it is necessary to separate cream from milk to be able to standardize the milk. In this context, milk is fed to the centrifuge to obtain cream and skim milk, individually. Then, cream is processed into cream and butter production and skim milk goes through other production lines. Depending on product type, fat content of milk is standardized by mixing skim milk and fat for other production processes. Homogenization is commonly used operation in dairy industry. It is carried out to disrupt fat globules of milk into smaller ones. Homogenizers are a kind of high pressure pump which forces milk through a close-fitting hole. This process is mostly used for long-life liquid milk production, fermented milk products, milk powder and condensed milk production.
Heat treatment (pasteurization and sterilization) is the most important and used process in dairy industry to kill unwanted microorganisms causing spoilage. During heat treatment, several changes occur depending on length and temperature of heating. For example, pasteurization can be applied low or high temperatures in which the former inhibits most of the microorganisms and some enzymes' activity with a condition of almost 74 C, 15 s. On the other hand, the latter is generally carried out at higher temperatures (e.g., 90 C, 15 s) by killing all vegetative microorganisms and inactivating most enzymes. The other heat treatment, sterilization (e.g., 20 min at 118 C), kills all microorganisms including spores leading to some undesirable changes in the milk. To be able to minimize these changes, ultrahigh temperature heating (UHT) was developed to sterilize milk at higher temperature and lower time compared to sterilization (e.g., at 145
C for a few seconds). Evaporation is another unit operation applied to remove water from milk to obtain more concentrated product. The other process called as drying is used to manufacture dairy product in powder form [1, 2] . Nowadays, energy shortage and carbon emission increase in the atmosphere are two major problems facing human kind. For that reason, the need to control and improve energyconsuming process and decrease emissions is paramount. As explained above, the production of dairy products needs significant amount of energy since most of the production lines have heating and cooling applications beside electricity. Recently, there is an increase attention to utilize energy in more efficient way and decrease energy consumption because energy costs are increasing depending on fossil fuel shortage and rise in energy prices affects mainly energy-consuming sectors including dairy industry. Despite the fact that energy sector is in the search of renewable energy sources, dependence on fossil fuels is of still concern.
A thermodynamical analysis is performed according to the first and second law of thermodynamics. The first law deals with conservation of energy which means that the input of energy equals the output of energy at steady-state condition, and energy can be converted from one form to another or transferred due to mass, heat and work transport [6, 7] . It should be noted that different types of energies (e.g., heat, work) have different work capacity or quality. For example, if the quality of energy is high, its work capacity would be high. However, the first law does not take into account quality of energy, and it says nothing about how to decrease energy consumption in the system of interest. In other respects, the second law of thermodynamics concerns about quality of energy and exergy or availability term appears which can simply be defined as available energy.
In reality, all processes are irreversible and result in entropy production due to friction, diffusion, etc. and the second law of thermodynamics states whenever energy is transferred due to heat, internal irreversibilities occur. Since irreversibilities lead to exergy destruction or exergy loss in the system, it is not possible to have 100% efficiency from a system [8] . The exergy analysis or second law analysis is performed to indicate irreversibilities in the system where the improvements can be made to decrease exergy losses [9] [10] [11] [12] . It should be noted that availability or maximum useful work terms represent uppermost level of the work that can be obtained from a system without violating the laws of thermodynamics.
The value of actual work and maximum useful work are not equal to each other except ideal cases. Then, all efforts are to improve the system conditions and catch the minimum difference between availability and actual work value. It is important to realize that the availability of a system in a definite state is strictly attached to the reference conditions (surrounding) as well as properties of the system. In the analysis of availability, firstly initial state is determined and then the work obtained from the system has to be maximized as much as possible in a given context. The entire system has to be in the reference environment at the end of the process. When a system is in equilibrium with its surrounding, it has zero useful work (availability). The thermodynamic equilibrium is classified into three groups: thermal, chemical and mechanical equilibrium [7, 8] . Therefore, availability is an extensive property depending on the system and environment conditions.
In the literature, exergy analysis was conducted on different systems from machine system to fuel cells and biological systems by various authors. For example, Esen et al. [13] investigated energy and exergy analysis of a ground-coupled heat pump system. They showed that increase in heat source (ground) temperature leads to increase in energetic and exergetic efficiencies of the system. In another study, they studied performance assessment of a ground heat pump system beside technoeconomic analysis [14] . Taner and Sivrioglu [15] performed exery and thermoeconomic analysis of sugar factory having power turbine plant to improve energy economy of the production line, and their results showed that the effect of mass and energy on economic cost was found significant, and it is possible to increase total energy yield depending on design parameters and scenarios. They also studied a model sugar factory to obtain the best energy and exergy efficiency of the system [16] . Taner [17] assessed energetic and exergetic performance of PEM fuel cell to improve efficiency. Taner [18] also optimized drying plant energy and exergy efficiencies by changing mass and energy balance. On the other hand, exergy analysis was conducted on some biological systems on the cellular level [19, 20] to determine exergetic efficiency of metabolic pathway. In case of food industry, Genc and Hepbasli studied exergy analysis of potato crisp processes, and they found that the increase in mass flow rate of potato resulted in a rise in the fryer's exergy destruction rate [21] . Genc studied industrial grape molasses production to determine energy need to produce 1 kg of grape molasses [22] . Genc et al. [23] applied exergy analysis to red wine processing line to assess system's performance. For dairy industry, Yildirim and Genc [24] performed thermodynamic analysis of a milk pasteurization process assisted by geothermal energy and they conducted on energy and exergy analysis of the milk powder production line [25] . Furthermore, they optimized operating conditions of the system in order to increase exergy efficiency [26] . Jokandan et al. [27] applied comprehensive exergy analysis of an industrial-scale yoghurt production plant. Erbay et al. [28] studied to optimize operating condition of white cheese powder production. Munir et al. [29] evaluated a milk powder plant as a case study located in New Zealand by applying energy and exergy analyses where the drier has the lowest value and the milk silo has the highest value. Sorgüven and Ozilgen [30] computed energy loss, carbon dioxide emission and exergy loss during flavored yoghurt production. Soufiyan et al. [31] performed exergy analysis of long-life milk production process based on the real factory data and yoghurt drink production line was assessed exergetically by Soufiyan and Aghbashlo [32] .
Exergy is one of the keystones of performance assessment. As seen from abovementioned studies, it can be applied to all processes varying from industrial systems to living organisms. Exergy analysis provides to quantify exergy losses by indicating irreversibilities throughout the processes and systems. Nevertheless, it is necessary to express some basic concepts of thermodynamics before introducing the methodology of exergy analysis on food processes. To the best of author's knowledge, a detailed survey of energy and exergy analysis of dairy processes performed up to date have never been studied before in the open literature. Therefore, the aim of this study is to explain the basic of energy and exergy analysis methodology in food processes and to review some important studies on exergy analysis of dairy industry including milk pasteurization, milk powder process, flavored yoghurt production, yoghurt production and yoghurt drink process, comprehensively for the first time.
Methodology

Fundamentals of exergy
Exergy is known as the work potential or as a measure of available energy. Szargut et al. [8] explained exergy as follows: Exergy is the amount of work obtainable when some matter brought to a state of thermodynamic equilibrium with the common components of the natural surroundings by means of reversible processes. In contrast to energy, exergy is destroyed in all real world processes as entropy is produced. Exergy is not destroyed only in reversible processes. However, in reality, all the processes are irreversible, and exergy is lost during the process.
Reference environment (dead state)
The ability of work for a system is assessed according to a base state. This base state is called as reference, environment or dead state [8] . For example, if the system and the reference environment (reference state or dead state) are in equilibrium, no spontaneous change can occur in the system, and as a result, work cannot be produced. The characterization of reference environment depends on the equilibrium type. If the reference environment and the system are in thermomechanical equilibrium, reference state is characterized by temperature, pressure, height and velocity. If the system under consideration is in chemical equilibrium with reference environment, the reference environment is defined by temperature, pressure and chemical composition. Szargut et al. [8] offered reference environment with three types which are gaseous and solid reference found in the atmosphere and reference species dissolved in seawater. The exergy values of these reference substances are assumed as zero. The standard chemical exergies of pure reference species are listed in Szargut et al. [8] .
Calculation of exergy of food
Food commodities are mainly composed of water, protein, fat, carbohydrate, fiber and ash, and their thermal properties are crucial to apply thermodynamic analysis of unit operations such as cooling, heating, freezing, drying, and so on. In this part, calculation of exergy of food produces will be explained step by step.
Specific heat of foods
Specific heat is a function of temperature and in the study of Choi and Okos [12] , the model for specific heat determination of food components was presented as shown in Table 1 .
The specific heat of food shows a large difference above and below freezing point. The specific heat is relatively constant with respect to temperature above its freezing point. On the other hand, it has a large decline below the freezing temperature [33] .
Generally, the specific heat of a food above the freezing point is the sum of mass average of the specific heat capacities of the food components.
where c p,i and w i are the specific heat capacity and mass fraction of the individual food components, respectively. If the food component has a complex structure and all of its ingredients are not known, the formula developed by Chen [33] is used to compute the specific heat of unfrozen food produce Table 1 . Specific heat of different food components as a function of temperature (À40 C ≤ T ≤ 150 C) [12] .
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where w s refers to the mass fraction of the solid components found in the food produce.
If food is frozen, Eq. (3) is used to calculate apparent specific heat [33] 
where R is ideal gas constant, T o is freezing point of water (K), T is temperature of food ( C) and M s is effective molar mass of food solids.
When effective molar mass (M s ) of the soluble solid is not known, Eq. (4) is used to estimate apparent specific heat capacity
In this equation, w s , w w0 and w b are mass fraction of solid, ice and free water and bound water, respectively. L 0 is the latent heat of fusion of water and T is temperature of food in C.
Enthalpy of foods
Specific enthalpy consists of sensible energy, and it is derived by integrating expressions of specific heat capacity with respect to temperature above the freezing point [34] .
The enthalpy of food produce is the sum of mass average of the enthalpy of the food components as shown in Eq. (6).
Below the freezing temperature, the equation becomes [33] 
where h f is the specific enthalpy at the initial freezing point and T and T f are temperature and initial freezing temperature of food, respectively.
Entropy of foods
Specific entropy is derived by integrating expressions of specific heat capacity with respect to temperature as shown below
The enthalpy of food produce is the sum of mass average of the entropy of the food components
where s is the entropy of food and w i is the mass fraction of the components [8] .
Calculations
Exergy of a product is composed of its physical, chemical, potential and kinetic exergy [8] .
However, thermal exergy which is composed of physical and chemical exergy is important from engineering thermodynamics point of view and also food engineering applications.
Physical exergy
The physical exergy is the maximum useful work obtained from a system by passing the unit of mass of a component of its state to the environmental state (T 0 ,P 0 ). If potential and kinetic exergy is ignored, the physical exergy value is calculated by using enthalpy and entropy value of the component as follows:
where the subscript zero refers to reference environment at P 0 and T 0 (in K).
If the enthalpy and entropy values of the food components are unknown, the enthalpy and entropy differences can be calculated and placed to the equation above (Eq. (11)) [8] .
In the food engineering operations, water and air are mostly used components for drying, cooling, washing, and so on. For that reason, it is necessary to mention about their exergy calculations besides food commodities. In the case of enthalpy calculation of pure or homogeneous mixture (e.g., water), enthalpy equation is as follows:
and the entropy term is shown in Eq. (13) ds ¼ c p dT T
After necessary derivation, the physical exergy of substances can be computed rough as follows:
This equation might be applied for incompressible condensed substance for small temperature and pressure differences.
In the case of ideal gas substance (pure or constant composition, e.g., air), the temperaturedependent enthalpy difference is calculated by the formula
For the entropy, the difference is explained as below
If c p is assumed constant, the physical exergy equation is as follows
The exergy of air is calculated from
where ω is the specific humidity ratio is.
The exergy of water
Chemical exergy
The standard chemical exergy values of most of the elements are given by Szargut et al. [8] .
Chemical exergy of a species at reference state is the sum of the standard Gibbs free energy of formation and standard chemical exergies of its elements
where v k is the stoichiometric constant of kth element in the species. Calculation of chemical exergy of species at a definite state is
Following equation describes how the chemical exergy of a stream is calculated:
where x i is the mass fraction of ith element in the species.
For industrial fuels, an approximate calculation of chemical exergy might be computed by using lower heating value (LHV) and higher heating value (HHV).
where f l and f h are empricial coefficients for LHV and HHV, respectively.
Exergy of non-matter streams
Exergy of work
Exergy of work equals to its value.
Exergy of electricity
The energy content of electricity is directly converted to work and the exergy of electricity
Exergy of heat flows
The exergy content of a heat flow _ Q at a temperature is of
_ Q and T are the heat transfer rate from the system to the surrounding and temperature of surrounding.
Exergy analysis methodology
A general balance equation for a control volume is written as follows
This general balance equation is applied for mass, energy, entropy and exergy. In the general equation, input and output refer to energy or matter transfer from the surrounding to the control
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volume and from control volume to surrounding, respectively. Generation and consumption indicate the quantity generated and consumed in the control volume, respectively. Accumulation term defines accumulated quantity in the control volume.
Mass balance
In the general steady-state mass balance equation (Eq. (26)), the mass enters to the system equals to the mass exits from the system and the rate form is as follows:
Energy balance
The first law of thermodynamics deals with conservation of energy, which means that the input of energy equals the output of energy and energy conservation law is shown below for steady-state sytems
The second law of thermodynamics can be defined by Clausius equation as follows:
where s is entropy, _ Q is heat transfer rate through the system boundary and _ s gen is entropy production rate due to irreversibility. The entropy term is a physical property of substances, and it is related to availability or useful work. Reversible processes are also called as ideal processes and entropy production of these processes is assumed to be zero [6] . In reality, it can never happen, and entropy always increases and all studies about energy efficiency have focused on keeping the entropy in its minimum level.
If we combine the first (Eq. (27) ) and second law of thermodynamics (Eq. (28)), the equation becomes
which is known as the Gouy-Stodola equation [8] , and it is the base of the exergy balance equation.
Exergy balance
For a steady-state system, the exergy rate equation is shown below:
If we write the equation in terms of mass, heat and work form it becomes
The exergy of the mass is defined as
where ex is the specific exergy, _ m is the mass flow rate.
Energy and exergy efficiency
In the conservation of energy, only quantity of energy (kinetic, potential, thermal, mechanical, internal) is taken into account, and the energy efficiency of a system is defined as the ratio of energy released by the system to energy provided to the system. 
where ɳ refers to energy efficiency. However, the first law does not say anything about how to decrease energy consumption in the system of interest. It should be noted that different types of energies have different work ability or quality [6] .
The exergetic performance of the processes is evaluated by means of different criteria. One of them is called universal efficiency which is defined as the ratio of exergy output to exergy input.
The other one is called as functional exergy efficiency and is defined as the ratio of the exergy of the desired output to the exergy of fuel or raw material to produce desired product.
ε f ¼ Exergy of the desired output Exergy of raw material (38)
Exergetic performance indicators
For a process or system, if the exergy loss or irreversibility is minimized, the maximum improvement obtained. Van Gool [35] developed an equation for improvement potential and this relation is as follows
where I _ P is the improvement potential in the rate form.
It should be noticed that if we deal with complex food processes, it is necessary to divide the processes into several units and assess exergy destruction for each unit to determine which unit operation is more inefficient in terms of thermodynamics. In addition to improvement potential, some other performance indicators such as relative irreversibility, exergetic factor, sustainability index used in exergy analysis defined as follows [36] :
Improvement potential rate:
Relative irreversibility:
Sustainability index:
Applications of exergy analysis on dairy processes
Up to know, exergy analysis has been applied most of the engineering processes. In last decades, exergetic assessments of dairy processes have an increase attention. In this section, some of the examples of exergetic assessment of dairy processes are tabulated ( Table 2 ) and briefly summarized.
Soufiyan et al. [31] studied exergetic performance assessment of a long-life milk processing plant. The investigated plant, shown in Figure 2 , consisted of four main lines as steam generator, above-zero refrigeration system, milk reception, pasteurization, and standardization line, and ultra-high-temperature (UHT) milk processing unit while the main components of the steam generator line are the condensate tank, shell and tube heat exchanger, fire tube boiler with a fuel injection system and an air compressor, pressure reducing valves, pumps and steam trapping devices; the gasket plate heat exchanger, storage tanks with agitators, balance tank, deaerator with a vacuum pump, flow controller, centrifugal fat extraction apparatus, mixing devices, homogenizer, bactofuge, holding tube are the main components of the milk reception, pasteurization, and standardization line. In the system of interest, the specific exergy destruction for production of the 1 kg-long-life milk was found to be 345.50 kJ/kg. While the highest contribution to the specific exergy destruction of the long-life milk processing (60.70%) belonged to the steam generation system, the specific exergy destruction of the milk reception, pasteurization, and standardization line, and UHT milk-processing unit were determined as 1.63 and 49.54 kJ/kg, respectively.
A detailed exergetic analysis of an industrial yoghurt production plant is conducted by Jokandan et al. (Figure 3 ) [27] . The percentile contributions for yoghurt production lines was obtained as 5.21% of the total specific exergy consumption of the pasteurized yoghurt production plant with the value of 841.34 kJ/kg to produce 3.75% fat yoghurt with 1.46 kg/s mass flow rate.
In a similar study of Soufiyan and Aghbashlo, 2017 [31] yoghurt drink manufacturing was investigated by using the same milk processing line as explained above (Figure 2) . The specific exergy destruction of yoghurt drink manufacturing line was determined as 118 kJ/kg which is 26.7% of whole system's specific exergy destruction of 442 kJ/kg (Figure 4) .
Erbay et al. [28] studied optimization of pilot-scale cheese powder production by using a pilotscale spray drier and nonenzymatic browning index, free fat content, solubility index, bulk density and exergy efficiency values were determined at the optimum condition. Optimum operating conditions were provided at 174 C inlet and 68 C outlet drying temperature with 354 kPa atomization pressure of 354 kPa. The exergetic efficiency was obtained as 4.81% at the optimum operating condition as seen in Figure 5 .
Sorguven and Ozilgen [30] investigated energy utilization, carbon dioxide emission, and exergy loss in flavored yoghurt production process ( Figure 6 ). The results show that 53% of the total exergy loss occurred during the milk production and 80% of the total work input Figure 2 . General description of the long-life milk processing plant of the investigated factory [31] .
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was consumed during the plain yoghurt making process. The cumulative degree of perfection was 3.6% for the strawberry-flavored yoghurt. This value can rise up to 4.6%, if renewable energy resources like hydropower and algal biodiesel are employed instead of fossil fuels.
Thermodynamic analysis of a milk pasteurization process assisted by geothermal energy (illustrated in Figure 7(a) ) was studied by Yildirim and Genc, 2015 [24] . In the system, a waterammonia VAC (vapor absorption cycle), a cooling section, a pasteurizer and a regenerator were used for milk pasteurization. The universal and functional exergetic efficiencies were considered in the study. While the exergetic efficiency of the whole system was calculated as 56.81% with total exergy destruction rate of 13.66 kW, the functional exergetic efficiency of pasteurization was Exergetic Assessment in Dairy Industry http://dx.doi.org/10.5772/intechopen.75028 53 determined as 25.8%. The effect of geothermal resource temperature and geothermal resource flow rate on the exergetic efficiency of the whole system for 1 kg/s mass flow rate of milk was investigated. The results showed that the maximum efficiency can be obtained by using lower temperature and higher flow rate of the geothermal resource ( Figure 7(b) ).
Yildirim and Genc [25] studied a thermodynamic analysis including comprehensive exergy analysis by using different performance parameters such as exergy efficiency, improvement potential rate, sustainability index, relative irreversibility and exergetic factor for the milk powder production system. The schematic diagram of the milk powder production line is illustrated in Figure 8 . The considered system consists of an evaporator, a feed pump, a spray drier, a cooler, an economizer, a fan, a heater, and a compressor. Thermal energy needed for the production line was provided by geothermal energy. Figure 5 . Exergy efficiencies at the optimum conditions [28] . Figure 6 . Schematized diagram of overall system [30] .
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The overall energy and exergy efficiencies of the whole milk powder production system were calculated as 85.4 and 57.45%, respectively. In the considered system, the evaporator has the highest (333.60 kW) exergy destruction rate and relative irreversibility (75.8%). Therefore, the evaporator has the highest improvement potential rate _ IP (191.1 kW). Grassman diagram is mostly used to represent exergy streams graphically. In the diagram, the width of each arrow is scaled according to their magnitude and in this way, all exergy destructions take place in the system can be seen clearly with their values. As an example, in the study of Yildirim and Genc Figure 7 . (a) Schematic of the system of a milk pasteurization process assisted by geothermal energy and (b) the effect of geothermal resource temperature and geothermal resource flow rate on the exergetic efficiency of the whole system [24] . Figure 8 . Schematic diagram of the milk powder production line [25] .
Exergetic Assessment in Dairy Industry http://dx.doi.org/10.5772/intechopen.75028 55 [25] , exergy fluxes and destructions in the milk powder system are shown in the Grassman diagram in Figure 9 .
Conclusion
The first law analysis is widely used for the assessment of many systems from living organisms to machine system. Recently, a number of exergy analysis applications have been increasing since it is a more useful tool to assess the performance of systems and support sustainable development. In this chapter, exergy analysis methodology of food processes was presented, and some important exergy analysis applications (e.g., yoghurt production, milk pasteurization process, milk powder production) of dairy industry were reviewed. Although, the exergy analysis provides to design more efficient and sustainable approaches to food industry, it has still been is at very beginning stage. Besides, thermodynamic optimization can be conducted on dairy processes to determine the best performance in terms of exergetic perspective. As a result of energy and exergy analysis, utilization of renewable energy sources becomes prominent due to high energy need of dairy industry. Furthermore, exergoeconomic analysis that integrates economics with exergy can be a useful tool to assess the effect of both economics and thermodynamics. Additionally, environmental impact of dairy industry can be determined by life cycle assessment and exergetic life cyle assessment which takes into consideration both exergy and life cycle assessment. 
